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© A flow imaging cytometer has an image captur- 
ing area for capturing the white-light image of a cell, 
and an image capturing area for capturing a fluores- 
cent image of the same cell. The two image captur- 
ing areas are positionally offset from each other so 
that both images can be obtained in an excellent 
state with little mutual influence from the two types 
of light Based upon detection of a cell using light 



from a light source (2) for monitoring cell flow- 
through, a light source (1) for exciting fluorescence 
and a strobe light source (3) for emitting the white 
light area actuated after respective prescribed time 
delays. To this end, the cytometer incorporates a 
delay-pulse generating circuit serving as control 
means. 
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This inv ntion relates to an apparatus for for- 
ming a particle-containing specimen solution such 
as blood or urine into a flat sheathed flow, irradiat- 
ing the flat flow of the specimen solution with 
pulsed light to obtain a still picture, and applying 
imaging processing to perform analysis such as 
classification and enumeration of the particle com- 
ponents contained in the specimen solution. More 
particularly, the invention relates to a flow imaging 
cytometer, which is a particle image analyzer, 
adapted so as to constantly monitor an image 
capturing area of the flat specimen flow, irradiate 
the particles with light when they reach the image 
capturing area, and acquire a fluorescent image 
and/or white-light image of the particle components 
in an efficient manner. 

A technique known in the art is to subject 
particles such as stained cells to exciting light and 
p rform analysis such as classification of the par- 
ticles by detecting fluorescence emitted by the 
particles. Specific examples of apparatus which 
employ this technique are flow cytometers and 
microscopes. 

A flow cytometer is capable of detecting the 
amount of fluorescence emitted by individual par- 
ticles. 

A detailed fluorescent image can be observed 
by using a microscope. In addition, an arrangement 
is available in which the fluorescent image obtained 
is subjected to image processing. Furthermore, the 
specification of Japanese Patent Application Laid- 
Open (KOKAI) No. 63-269875 discloses an image 
capturing apparatus whereby images can be ac- 
quired using three types of light, namely ultraviolet 
light, visible light and infrared light. 

An apparatus for acquiring the images of par- 
ticles flowing as a flat stream and analyzing the 
particles by image processing is disclosed in the 
specifications of Japanese Patent Application Laid- 
Open No. 57-500995 and USP 4,338,024. 

Further, the present applicant has previously 
filed an application for an apparatus adapted so as 
to constantly monitor an image capturing area, 
detect particles in the flow when they arrive at this 
area, and acquire images of the particles in effi- 
cient fashion. 

Though the conventional flow cytometer exhib- 
its a high processing capability per unit time, the 
fluorescence from particles can be obtained only 
as a gross value, and it is not possible to acquire 
detailed information as to which portions of a par- 
ticle are emitting fluorescence and the degree of 
this fluorescence. Though a large quantity of in- 
formation can be obtained using a microscope, 
pretreatment is laborious and a high processing 
speed cannot be obtained. 

Accordingly, an obj ct of the pr sent inv ntion 
is to provide a flow imaging cytometer which over- 



corn s these difficulties encountered in th prior 
art. 

Another object of the present invention is to 
provide a flow imaging cytometer having a high 
5 analyzing capability and adapted to obtain, effi- 
ciently and at high speed, a large quantity of par- 
ticle information which includes detailed information 
relating to individual particles. 

According to the present invention, the fore- 

w going objects are attained by providing a flow 
imaging cytometer comprising a flow cell formed to 
include a fiat flow path for causing a specimen 
solution containing particle components to be 
sensed to flow as a flat stream, a first and third 

75 light source arranged on a first side of the flow cell 
for irradiating the specimen solution in the flow cell 
with pulsed light, first and third image capturing 
means arranged on a second side of the flow cell 
for capturing still pictures of the particle compo- 

20 nents in the specimen solution irradiated by the 
first and third light sources, respectively, a second 
light source arranged on the first side of the flow 
cell for irradiating the specimen solution in the flow 
cell with light constantly, second image capturing 

25 means arranged on the second side of the flow cell 
for capturing an image of the specimen solution 
irradiated by the second light source, processing 
means for executing prescribed analysis based 
upon image data from the image capturing means, 

oo and control means for detecting the particle com- 
ponents based upon the image data from the sec- 
ond image capturing means, and on the basis of 
such detection, for actuating the first and second 
light sources after respective prescribed time de- 

35 lays, wherein the first and third image capturing 
means each has a two-dimensional image captur- 
ing area on the flow of the specimen solution, the 
second image capturing means has a linear image 
capturing area on the flow of the specimen solu- 

40 tion, the image capturing area of the second image 
capturing means is formed so as to cross the flow 
of the specimen solution within the image capturing 
areas of the first image capturing means, and the 
first light source is caused to perform irradiation 

45 within the image capturing area of the first image 
capturing means and outside the image capturing 
area of the third image capturing means. 

In this arrangement, the flow-imaging cyto- 
meter is characterized in that the second light 

50 source can be one which emits infrared light. 

In another aspect of the present invention, the 
foregoing objects are attained by providing a flow 
imaging cytometer comprising a flow cell formed to 
include a fiat flow path for causing a specimen 

55 solution containing particle components to be 
sensed to flow as a fiat stream, a first light source 
arrang d on a first side of the flow cell for irradiat- 
ing the specimen solution in the flow cell with light 
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quantity of which is switched, first image capturing 
means arranged on a second side of the flow cell 
for capturing still pictures of particle components in 
the specimen solution irradiat d with high-lumi- 
nance pulsed light from the first light source, sec- 
ond image capturing means arranged on the sec- 
ond side of the flow cell for capturing images of 
particle components in the specimen solution irra- 
diated continuously with low-luminance light from 
the first light source, a second light source ar- 
ranged on the first side of the flow cell for irradiat- 
ing the specimen solution in the flow cell with 
pulsed light, third image capturing means arranged 
on the second side of the flow cell for capturing 
still pictures of particle components in the speci- 
men solution irradiated continuously with light from 
the second light source, processing means for ex- 
ecuting prescribed analysis based upon image data 
from the capturing means, and control means for 
detecting the particle components based upon the 
image data from the second image capturing 
means, and on the basis of such detection, for 
switching over the luminance of the first light 
source and actuating the second light source after 
respective prescribed time delays, wherein the first 
image capturing means has a two-dimensional im- 
age capturing area on the flow of the specimen 
solution, the second image capturing means has a 
linear image capturing area on the flow of the 
specimen solution, the image capturing area of the 
second image capturing means is formed so as to 
cross the flow of the specimen solution within the 
image capturing areas of the first image capturing 
means, and the first light source is caused to 
perform irradiation within the image capturing area 
of the first image capturing means and outside the 
image capturing area of the third image capturing 
means. 

Other features and advantages of the present 
invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawings, in which like reference characters 
designate the same or similar parts throughout the 
figures thereof. 

Fig. 1 is a block diagram illustrating the con- 
struction of a flow imaging cytometer according 
to an embodiment of the present invention; 
Fig. 2 is a explanatory view illustrating an exam- 
pie of light-irradiated areas and image capturing 
areas of the flow cell shown in Fig. 1; 
Fig. 3 is a diagram illustrating an example of the 
characteristic of a dichroic mirror; 
Fig. 4 is a diagram illustrating an example of the 
characteristic of another dichroic mirror; 
Fig. 5 is a measurement flowchart associated 
with the flow imaging cytometer of the present 
invention; 

Fig. 6 is a block diagram illustrating the con- 



struction of a flow imaging cytometer according 
to another mbodiment of the present invention; 
Fig. 7 is a diagram for describing an example of 
an image capturing area and an irradiation area 
5 in a flow ceil associated with the cytometer of 
Fig. 6; 

Fig. 8 is a diagram illustrating an example of the 
characteristic of a dichroic mirror associated 
with the flow imaging cytometer of Fig. 6; and 

w Fig. 9 is a measurement flowchart associated 
with the flow imaging cytometer of Fig. 6. 
Preferred embodiments of the present inven- 
tion will now be described in detail with reference 
to the accompanying drawings. 

15 A flow imaging cytometer according to a pre- 
ferred embodiment of the present invention shown 
in Fig. 1 includes three light sources, namely an 
exciting light source 1 for exciting fluorescence, a 
light source 2 for monitoring passage of cells 

20 through the cytometer, and a strobe light source 3 
for white-light photography. The light from the ex- 
citing light source 1 passes through a dichroic 
mirror 12 and enters to a light-shaper 25, where the 
light is acted upon by a cylindrical lens, a prism 

25 and other elements so as to be formed into an 
elongated elliptical shape perpendicular to the trav- 
eling direction of cell particle flowing through the 
cytometer. The resulting light then passes through 
mirror/prism units 13, 14 and enters to a condenser 

do lens 7, which condenses the light at the position 
shown in Fig. 2 on a flat flow A of the specimen 
solution within a flow cell 19. The light from the cell 
flow-through monitoring light source 2 (which is an 
infrared semiconductor laser in this embodiment) 

35 collimated by a collimator lens 4 and then reflected 
by the dichroic mirror 12, after which the reflected 
light is formed into an elongated elliptical shape in 
the same manner as the light from light source 1. 
This light is then condensed at the position shown 

40 in Fig. 2 by the mirror/prism units 13, 14 and 
condenser lens 7. The light from the light source 3 
(a strobe light in this embodiment) for white-light 
photography is collimated by a collimator lens 5 
and condensed by a condenser lens 6, after which 

45 the condensed light is bent at an angle of 90 • by a 
half-mirror 15 and collimated by a condenser lens 
7, thereby uniformly illuminating the entirety of the 
white-light image capturing area (this is referred to 
generally as Kohler illumination). 

50 The exciting light from the irradiation area of 
the light source 1 and the fluorescent light from a 
cell passes though an objective lens 8 and a half- 
mirror 16 to be bent at an angle of 90* by a 
dichroic mirror 17, after which only th fluorescent 

55 light is extracted by a filter 18 which filters out th 
exciting light. The xtracted fluoresc nt light is 
acted upon by a projecting lens 10 to form an 
image on the photoelectric converting surface of an 
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image int nsifier 27. The image intensifier 27 is 
actuated in synchronization with an exciting-light 
trigger, thereby amplifying the intensity of the en- 
trant light by a factor of 10 3 to 10 6 and forming an 
image on its fluorescent surface. This image is 
formed is formed on an image sensor within a 
video camera 21 via a relay lens 26, whereby a 
fluorescent image is obtained. 

Transmitted light from the white-light image 
capturing area passes though an objective lens 8 
and is then bent at an angle of 90* by the half- 
mirror 16 to have its image formed on an image 
s nsor within a video camera 20 by a projecting 
I ns 9, whereby a white-light image is obtained. By 
setting the projecting lens 9 and the video camera 
20 appropriately at this time, any influence upon 
the white-light image capturing area is eliminated in 
such a manner that the exciting-light irradiation 
area will not fall within the white-light image captur- 
ing area. 

The transmitted light from the light source 3 
passes through an objective lens 8, half-mirror 16 
and dichroic mirror 17, after which it is formed on a 
CCD line sensor 22 by a projecting lens 11. A 
voltage conforming to the quantity of light accu- 
mulated is successively extracted from the CCD 
pixel by pixel. The scanning period of every line is 
several tens of microseconds. Therefore, by setting 
the amount of cell movement, namely the flow 
velocity of the sheathed flow, to a suitable value, 
the cells which pass through the monitoring area 
can be monitored without any cells being missed. 

A suitable time after a cell is sensed by the 
line sensor 22, the light source 1 irradiates the cell, 
then the strobe light source 3 irradiates the cell 
following a further delay. As a result, both a flu- 
orescent image and a white-light image can be 
obtained. 

Fig. 5 is a flowchart illustrating measurement 
flow according to this embodiment. 

Assume that the width of the image capturing 
area of the CCD line sensor in the direction of flow 
is 1 urn, the scanning period of the line sensor is 
33 usee, the flow velocity of the sheathed flow is 
10 um/33 usee, and the size of a leukocyte is 15 
urn. Under these conditions, one scan will always 
be made during transit of the leukocyte through the 
image capturing area of the line sensor. (It has 
been confirmed by calculation that the purpose can 
b attained if the flow velocity is less than 15 
um/33 usee.) It is determined by such scanning 
whether the cell passing through the image captur- 
ing area is a cell of interest. 

If the time from the start of scanning by the 
line sensor until discrimination of a cell is 100 
usee, then the cell will travel about 30 urn in this 
period of time. This means that th exciting-light 
irradiated area and the line sensor area should be 



s t at positions more than 30 urn apart. If this 
distance is made 50 urn, the time required for a 
cell to travel 50 urn will be 165 usee. The time 
(165 usee) for transit from the line sensor area to 
5 the exciting-light irradiated area minus the afore- 
mentioned discrimination time of 100 usee is 65 
usee. Accordingly, the light source 1 should be 
made to emit one light pulse 65 usee after flow- 
through of a cell has been discriminated. 

ro Further, assume that the distance between the 
exciting-light irradiated area and the white-light im- 
age capturing area is 50 urn. Since the time need- 
ed for a cell to travel this distance is 165 usee, as 
set forth above, the light source 3 should be made 

75 to emit light 230 usee after discrimination of cell 
flow-through. If it is desired that the cell image 
appear at the center of the white-light image cap- 
turing area, then the light source 3 should be made 
to emit light approximately 500 usee after discrimi- 

20 nation of cell flow-through. 

The foregoing will make it possible to obtain 
both a white-light image and a fluorescent image of 
the same cell. 

By analyzing both images using an image ana- 

25 lyzer (image processor) 23, processing can be 
executed to present a three-dimensional display of 
fluorescent intensity distribution within a cell of a 
three-dimensional display of fluorescent intensity. 
Fig. 6 illustrates another embodiment of the 

30 present invention. This embodiment differs from 
that of Fig. 1 in that the infrared semiconductor 
laser 2 used as the cell-monitoring light source in 
Rg. 1 is deleted and the function thereof is per- 
formed by the light source for exciting fluores- 

35 cence. 

Since the optical system for white-light photog- 
raphy is completely unchanged and functions in 
the same manner described earlier, this system 
need not be described again. Only the monitoring 

40 of cells in the flat specimen stream within the flow 
cell 19 and the operation for exciting fluorescence 
will be discussed. 

In this embodiment, the light source 1 for excit- 
ing fluorescence emits tight continuously, and the 

45 light is condensed on the exciting-light irradiated 
area located on the flat flow A, as shown in Rg. 7. 
The light source 1 can be made to emit light in two 
ways. One is for the light source 1 to emit light 
constantly at a high power, and the other is for the 

50 light source 1 to emit a high-power light pulse only 
when flow-through of a cell is discriminated. The 
latter method in which the pulsed light emission is 
use will be described here. 

As illustrated in Rg. 7, the line sensor area for 

55 cell monitoring is disposed at the lower portion of 
the exciting-light area. When a particle has passed 
through the line s nsor area, it is det rmined 
whether the particle is a cell of interest. If a particle 

4 
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is found to be a cell of inter st, the light source 1 is 
caused to emit a high-power light pulse, whereby a 
fluorescent image of the cell is captured by the 
video camera 21. This is followed by causing the 
strobe light source 3 to emit light, whereby a white- 
light image of the cell is captured by the video 
camera 20. The flowchart for this photography is 
illustrated in Fig. 9. 

As in the first embodiment, the following values 
hold: 

image capturing area of line sensor: 1 urn x 150 
urn 

scanning period of line sensor: 33 usee 

flow velocity of sheathed flow: 10 um/33 usee 

cell size: 15 urn 

In the time from the start of scanning by the 
line sensor until discrimination of a cell is 100 
usee, then the cell will travel about 30 urn in this 
period of time. If the area irradiated by the exciting 
light is set at about 70 x 300 urn. then the first 
light source 1 is made to emit a high-power light 
pulse after the cell is detected. The exciting light 
that has passed through the cell and fluorescent 
light emitted by the cell passes through the objec- 
tive lens 8 and half-mirror 16, after which only the 
fluorescent component is bent at an angle of 90* 
by the dichroic mirror 17. The fluorescent image is 
formed on the photoelectric converting surface of 
the image intensifier 27 by the projecting lens 10. 
By actuating the image intensifier 27 in synchro- 
nization with the exciting-light trigger, the fluores- 
cent image on the photoelectric converting surface 
is amplified, and the amplified image appears on 
the output surface of the image intensifier 27. This 
image is formed on the CCD surface of the video 
camera 21 by the relay lens 26, whereby a fluores- 
cent image of the cell is obtained. 

As in the first embodiment, the light source 3 is 
made to emit light approximately 500 usee after 
discrimination of cell flow-through, whereby a 
white-light image is obtained by the video camera 
20. 

The fluorescent image and the white-light im- 
age information are subjected to image processing 
and analysis by the image analyzer 23. 

The present invention has the following advan- 
tages: 

(1) By irradiating a cell of interest with two types 
of light, two types of images, namely a white- 
light image and a fluorescent image, of the 
same cell can be obtained at the same time. 

(2) By constantly irradiating cells which pass 
through the image capturing area, cells of int r- 
est can be photographed selectively. 

(3) By positionally offs tting the exciting-light 
irradiated area and the white-light image captur- 
ing area from ach other, the influ nee of th 
exciting light upon the white-light image captur- 
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ing area is prevented. As a result, it is unnec- 
essary to insert an exciting light cut filter in the 
white-light image capturing area. 

(4) By monitoring passage of cells, the exciting 
5 light can be limited to a specific area and the 

intensity of irradiation per unit area of the excit- 
ing light can be increased. 

(5) By separating the exciting-light irradiated 
area and the white-light image capturing area 

10 from each other, any wavelength can be se- 
lected as the wavelength of the exciting light. 

(6) By using flow imaging cytometry, a large 
number of cells can be measured in a short 
period of time. As many apparently widely drf- 

75 ferent embodiments of the present invention can 
be made without departing from the spirit and 
scope thereof, it is to be understood that the 
invention is not limited to the specific embodi- 
ments thereof except as defined in the appen- 

20 ded claims. 

Claims 

1. A flow imaging cytometer comprising a flow 
25 cell formed to include a flat flow path for 
causing a specimen solution containing particle 
components to be sensed to flow as a flat 
stream; 

first and third light sources arranged on a 
30 first side of said flow cell for irradiating the 
specimen solution in said flow cell with pulsed 
light; 

first and third image capturing means ar- 
ranged on a second side of said flow cell for 
35 capturing still pictures of the particle compo- 

nents in the specimen solution irradiated by 
said first and third light sources, respectively; 

a second light source arranged on the first 
side of said flow cell for irradiating the speci- 
40 men solution in said flow cell with light con- 

stantly; 

second image capturing means arranged 
on the second side of said flow cell for captur- 
ing an image of the specimen solution irradi- 

45 ated by said second light source; 

processing means for executing pre- 
scribed analysis based upon image data from 
said image capturing means; and 

control means for detecting the particle 

so components based upon the image data from 
said second image capturing means, and on 
the basis of such detection, for actuating said 
first and second light sources after respective 
prescribed time delays, wherein said first and 

55 third image capturing means each has a two- 
dimensional imag capturing area on the flow 
of th specimen solution, said second imag 
capturing means has a linear image capturing 
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area on the flow of th specimen solution, the 
image capturing area of said second image 
capturing means is formed so as to cross the 
flow of the specimen solution within the image 
capturing areas of said first image capturing 5 
means, and said first light source is caused to 
perform irradiation within the image capturing 
area of said first image capturing means and 
outside the image capturing area of said third 
image capturing means. w 

2. The flow imaging cytometer according to claim 
1 , wherein said second light source can be one 
which emits infrared light. 

75 

3. A flow imaging cytometer comprising: 

a flow cell formed to include a flat flow 
path for causing a specimen solution contain- 
ing particle components to be sensed to flow 
as a flat stream; 20 

a first light source arranged on a first side 
of said flow cell for irradiating the specimen 
solution in said flow cell with light the quantity 
of which is switched; 

first image capturing means arranged on a 25 
second side of said flow cell for capturing still 
pictures of particle components in the speci- 
men solution irradiated with high-luminance 
pulsed light from said first light source; 

second image capturing means arranged 30 
on the second side of said flow cell for captur- 
ing images of the particle components in the 
specimen solution irradiated continuously with 
low-luminance light from said first light source; 

a second light source arranged on a first 35 
side of said flow cell for irradiating the speci- 
men solution in said flow cell with pulsed light; 

third image capturing means arranged on 
the second side of said flow cell for capturing 
still pictures of particle components in the 40 
specimen solution irradiated with light from 
said second light source; 

processing means for executing pre- 
scribed analysis based upon image data from 
said image capturing means; and 45 

control means for detecting the particle 
components based upon the image data from 
said second image capturing means, and on 
the basis of such detection, for switching over 
the luminance of said first light source and 50 
actuating said second light source after re- 
spective prescribed time delays, wherein said 
first image capturing means has a two-dimen- 
sional image capturing area on the flow of the 
specimen solution, said second image captur- 55 
ing means has a linear image capturing area 
on the flow of the sp cim n solution, the im- 
age capturing area of said second image cap- 



turing means is formed so as to cross the flow 
of the specimen solution within said image 
capturing areas of said first image capturing 
means, and said first light source is caused to 
perform irradiation within the image capturing 
area of said first image capturing means and 
outside the image capturing area of said third 
image capturing means. 



6 



« 



* 

EP 0 501 006 A2 




7 



EP 0 501 006 A2 



Fig. 2 
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Fig. 5 
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Fig. 7 
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Fig. 9 
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© Flow imaging cytometer. 
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© A flow imaging cytometer has an image captur- 
ing area for capturing the white-light image of a cell, 
and an image capturing area for capturing a fluores- 
cent image of the same cell. The two image captur- 
ing areas are positionally offset from each other so 
that both images can be obtained in an excellent 
state with little mutual influence from the two types 
of light. Based upon detection of a cell using light 



from a light source (2) for monitoring cell flow- 
through, a light source (1) for exciting fluorescence 
and a strobe light source (3) for emitting the white 
light area actuated after respective prescribed time 
delays. To this end, the cytometer incorporates a 
delay-pulse generating circuit serving as control 
means. 
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